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Abstract— In a distribution system, reliability index is 
significant to calculate system performance in continuosly 
distribute the electricity power to consuments. Fedeer 
analysed by researcher is the main electricity distributor in 
Tambak Aji industrial area, a developing industrial area. 
This research is needed to be conducted to ensure the 
frequent blackout is known and minimalized along with 
increasement of load number in the feeder. Using section 
technique method which divides feeder section based on 
sectionalizer number and detailed calculation in each load 
point, device failure rate, the length of conductor, and 
disturbance repairement duration. It was obtained Randu 
Garut 3 feeder reliability index of SAIFI of 1.759 faults/year, 
SAIDI of 4.547 hours/year as CAIDI of 2.585 hours/year. 
Keywords—CAIDI, reliability, SAIDI, SAIFI, Section 
Technique 
I. INTRODUCTION  
Electrical power system’s ability to provide sufficient 
supply with satisfying quality is main role of electrical 
producer [1]. As the demand of electrical power goes 
higher, the system is demanded to has reliability in 
electrical power providing and distribution. Disturbance or 
damage in system will widely affect reliability value and 
also make load released thus black out is happened. 
To determine reliability level of electrical power 
distribution, medium voltage network’s role is crucial.  The 
electric power distribution systems contributes about 80-
90% of the customer reliability problems in general [1-3]. 
There are some number of factors that may cause abnormal 
system conditions (or fault conditions) and result in 
customer interlude, for example contact of animals and 
trees with distribution equipment, lightning and wind 
storms as examples of bad weather, distribution equipments 
with aging condition and lack of maintenance and traffic 
accidents [4-7]. 
Electrical system disturbance that resulted in blackout 
gives losses in consument’s side. According to PT PLN 
(Persero) West Semarang region data, there is big growth of 
customer number from 2016 until February 2018 as many 
as 3645 customer or 3,7%. This is caused by increasement 
of people’s life rate and batch of developments in industrial 
sector by goverment, especially West Semarang 
Goverment. Thus, there is demand of electrical power 
system that is standard-fulfilled quality by electrical 
provider.  
This research is done in electrical power main feeder in 
industrial and office complex region with small number of 
customer and big number of devices. Beside that, load of 
Randu Garut 3 feeder will increase in the next few years 
caused by development of industrial sector in Tambak Aji 
region.. This industry will suffer considerable losses if 
black out occurs, in which the activities will be halt and the 
product will be damaged or defect. Types of customer are 
divided in to two: medium and low voltage customer. 
Furthermore, Randu Garut 3 feeder is frequently disrupted 
causing circuit breaker in substation works/trips, then 19 
blackouts occurr during 2017. 
Some studies proposed methods for evaluating the 
reliability of distribution system, for example [8] with 
quantitative method based on the reliability characteristics 
of basic system components. There were also a three-state 
Markov model composed post-fault switching actions [9],   
a Markov modelling approach by researcher [10]. 
Researcher [12] with restoration times models for 
distribution systems faults, meanwhile [11] with a Failure 
Modes and Effects Analysis (FMEA) technique, and [13] 
with models for equipment aging. To improve the accuracy 
of the reliability assessment, historical outage data were 
directly incorporated into some algorithms [14]. 
Nowadays, studies to assess reliability of power 
distribution system with distributed generation [20], [21]. 
Reference [15] proposed an assessment of reliability that 
take in to consideration the characteristics of energy 
released by renewable energy generation such as solar and 
wind generation. Reference [16] used clustering algorithm 
using clustering algorithm, output of the unconventional 
units were correlated with hourly load and designated into 
certain states. Reference [17] proposed a method to 
evaluate reliability of a distribution system with wind 
turbine generators using a simulation of time sequential A 
six state model of WTG  with joint effects of wind speed 
and forced outage is developed by authors. 
This research used section technique method in 
calculating load point reliability index and analyze 
reliability index of distribution system in Randu Garut 3 
feeder, PT PLN (Persero) west Semarang Region. This 
method is similar to FMEA method which counts reliability 
of a system based on effects of failure with the system and 
how it will affect the load point. This method is similar to 
FMEA method, system reliability determined by measuring 
and observing the impact of detoriation in system and load 
point. Identification of aftermath of an individual failure is 
conducted systematically by analysing the situation of 
occurred problem [18]. Section method divides calculation 
in every section thus analysis was done in detail, fast, 
simple and accurate. Beside that, obtained system reliabilty 
index will be compared with SPLN 68-2-1986 standard and 
2018 PT. PLN (Persero) West Semarang’s target. Used 
indexes were SAIFI (System Average Interruptions 
Frequency Index), SAIDI (System Average Interruption 
Duration Index) and CAIDI (Costumer Average 
Interruption Duration Index).  
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II. SECTION TECHNIQUE METHOD 
A. Section Technique 
Section Technique Method is a structured method to 
analyse and evaluate system that can be used to find 
reliability index of distribution system. In this method, 
system is divided in to several smaller parts or sections first, 
thus the probability of miscalculation will be minimized 
and time cost will be reduced [18].  
Reliability of a distribution system is based on how is 
the failure effect from an individual device will affect the 
system operation. This effect is identified systematically by 
analysing how is the consequences toward all of the 
customers in distribution network. Then each of the device 
failure will be analysed in one load point in the system thus 
the load point that is disturbed frequently will be found. 
Flowchart of section technique method is attached in Fig. 1. 
 
 
Fig. 1. Flowchart of Section Technique Method  
B. Reliability Index 
Reliability of consument service is able to be stated in 
several indexes, which the three most often used are  SAIFI, 
SAIDI and CAIDI. Below are needed data to find the three 
indexes, such as:  
1) Failure Rate 
Failure rate is average value from number of failures in 
a certain observed time (T), and is stated in failure rate in a 
year. In an observation, failure rate is stated as below:  
fλ=
T
  (1) 
a) Load point Failure Rate 
The sum of all equipment failure rates will affect the load 
point, is calculated by the equation: 
λLP i
i k
λ
=
=                         (2) 
b) Load point Disturbance Duration 
The sum of the repairing/switching duration with 
multiplying the rate of failure of all the equipment 
affecting the load point, calculated by the equation: 
ULP .i
i k
rjλ
=
=   (3) 
2) System Average Interruption Frequency Index 
SAIFI is defined as the average number of system failures 
that occur per customer served by the system per unit time 
(generally per year), calculated by the equation: 
 
.SAIFI NLP LP
N
λ
=   (4) 
3) System Average Interruption Duration Index 
SAIDI is the average value index of the duration of 
system disruption for each consumer for a year, calculated 
by the equation: 
 
.SAIDI= NLPULP
N

   (5) 
4) Customer Average Interruption Duration Index. 
CAIDI is an index value of the average duration of 
consumer disturbance each year, informing the average 
time to normalize the interruption of each customer within 
a year. Equation in calculating CAIDI: 
SAIDI
CAIDI=
SAIFI
  (6) 
III. TEST SYSTEMS 
The data needed in finding the reliability value of the 
distribution system include outage and repair duration. Both 
values are obtained with reference to SPLN No. 59 of 1985 
as in Table I and Table II. Whereas, the feeder shown in 
Fig. 2. is supplied from Randu Garut with an installed 
transformer of 60 MVA. The load served by these feeders 
are industrial, commercial and residential. There are 43 load 
points of 1 phase and 3 phase distribution transformer 
which are low voltage customer type with power below 197 
kVA and 25 circuit breaker. The total load of both low and 
medium voltage is 138 customers. This feeder is divided 
into 95 lines with a total length of 8.72 km. The data used 
in this study based on real data taken at PT. PLN (Persero) 
West Semarang. 
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TABLE I.   FAILURE INDEX AND REPAIR TIME OF MEDIUM 
VOLTAGE 
Overhead Medium Voltage 
Sustained failure rate (λ/km/yr) 0.2 
r (repair time) (hour) 3 
re (switching time) (hour) 0.25 
TABLE II.  DATA OF DEVICE OUTAGE, REPAIR AND SWITCHING  
Devices λ (unit/year) r (hr) rs (hr) 
Transformer 0.005 10 0.15 
Circuit Breaker 0.004 10 0.25 
Sectionalizer 0.003 10 0.15 
Recloser 0.005 10 0.25 
 
 
Fig. 2. Single line diagram of Randu Garut 3 
A. Area Limit with Sectionalizer 
The distribution network of Randu Garut 3 is divided 
based on the number of sectionalizers attached. The feeder 
has 3 sectionalizers in the form of 2 load break switches; 
mounted in normally close and 1 reclose. Thus, the feeder 
has 2 sections with a radial configuration as shown in Fig. 
3. and Fig. 4. 
 
 
Fig. 3. Section 1 Randu Garut 3 
 
 
Fig. 4. Section 2 Randu Garut 3 
IV. RESULTS AND DISCUSSION 
Reliability analysis was conducted based on data that 
has been obtained by using data length of lines and data of 
customer number per load point. The reliability of each 
section is described as follows: 
A. Section 1 
The effect of a device failure in the system can be seen 
in the list of failure modes Table III. 
TABLE III.  SECTION I FAILURE MODE LIST 
Disturbance 
Numbers 
  
Device 
  
Load Point affected by 
Repair  
Time 
Load Point 
affected by 
Switching  
Time 
1 ABSW CB 1-CB 25 + LP 1-LP 43  - 
2 Recloser CB 1-CB 25 + LP 1-LP 43  - 
3 CB 1 CB 1  - 
4 T1 LP 1  - 
5 L1 CB 1-CB 25 + LP 1-LP 43  - 
TABLE IV.  FAILURE DURATION AND RATE LOAD POINT SECTION I 
Load 
Point 
Failure Duration and Rate 
Load Point 
λ 
(fault/year) 
U 
(hours/year) 
CB 1 0.982 3.03 
~ 
CB 11 0.982 3.03 
CB 12 0.978 2.99 
~ 
CB 25 0.978 2.99 
LP 1 0.983 3.04 
~ 
LP 23 0.983 3.04 
LP 24 0.978 2.99 
~ 
LP 40 0.978 2.99 
LP 41 0.978 2.99 
LP 42 0.978 2.99 
LP 43 0.978 2.99 
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Table III. shows some samples because the number of 
equipment that had CB as many as 11, 23 transformers, and 
54 lines. Next, calculate the value of failure rate and the 
duration of failure of each load point. Failure rate and 
failure duration can be seen in Table IV. 
From Table IV. It was obtained λ for CB1 to CB12 of 
0.982 fault/year and λ for CB12-CB25 of 0.978, the 
meaning of CB here is that the load point failure rate is in 
medium voltage customers, whereas LP is low voltage 
customers and the difference in value of 0.005 was caused 
by section difference, because the calculation occurred in 
section 1 then the failure of load point in section 2 in the 
form of CB and LP was not counted. 
Taken one case on CB1, λ CB1 was obtained from the 
sum of equipment failure rate affecting CB1 and 
multiplication of failure rate with length of lines. From 
Table IV. also obtained the value of U for CB1 of 3.03 
faults/year. ULP1 is obtained from the sum of 
multiplication product λ of equipment with repair time or 
switching time in which the equipment is affecting CB1. 
Multiplication by repair time or switching time depends on 
the condition of the equipment, whether the equipment 
must be off or only experience switching time condition 
during interruption. This can be seen in Table V. 
In section 1, the conditions experienced by all existing 
equipment are only repair conditions and no equipment was 
subject to switching time conditions, due to the equipment 
and the substation were close in distance so that if an 
interruption happened, it cannot be backed up and the 
disturbance must be repaired first to the voltage from the 
new substation can be supplied again, so to find U in Table 
IV. condition used is repair time condition. By knowing 
index of reliability of load point can be obtained index of 
reliability section. 
Based on Table VI, it was obtained SAIFI and SAIDI in 
section I with value 0.9798043 fault/year for SAIFI and 
3.00804 hours/year for SAIDI. SAIFI for CB1 was obtained 
from multiplying the number of consumers on the load 
point by λ CB1 then dividing it by the total customer. 
TABLE V.  DISTURBANCE DURATION AND FAILURE RATE SECTION I 
Device λ SPLN 
Lenght  
of lines 
 λLP 
(fault/year) 
r 
SPLN 
ULP 
(hr/year) 
ABSW 0.003  - 0.003 10 0.03 
Recloser 0.005  - 0.005 10 0.05 
LP (T) 0.005  - 0.005 10 0.05 
L1 0.2 0.21 0.042 3 0.126 
~ 
          
L47 0.2 0.05 0.01 3 0.03 
L48 0.2 0.1 0.02 3 0.06 
L49 0.2 0.03 0.006 3 0.018 
L50 0.2 0.2 0.04 3 0.12 
L51 0.2 0.04 0.008 3 0.024 
L52 0.2 0.15 0.03 3 0.09 
L53 0.2 0.05 0.01 3 0.03 
L54 0.2 0.04 0.008 3 0.024 
 TOTAL λLP 0.983 TOTAL ULP 3.04 
TABLE VI.  SAIFI AND SAIDI PER LOAD POINT SECTION I 
Load 
Point 
Numbers 
of Cons.  
Numbers 
Of Cons. 
x λLP  
Numbers 
Of Cons. 
x ULP 
SAIFI SAIDI 
CB 1 1 0.982 3.03 0.007116 0.021957 
CB 2 1 0.982 3.03 0.007116 0.021957 
CB 3 1 0.982 3.03 0.007116 0.021957 
~   
  
CB 
25 1 0.978 2.99 0.007087 0.021667 
LP 1 1 0.983 3.04 0.007123 0.022029 
LP 2 3 2.949 9.12 0.02137 0.066087 
LP 3 1 0.983 3.04 0.007123 0.022029 
~   
  
LP 
36 5 4.89 14.95 0.035434 0.108333 
LP 
37 1 0.978 2.99 0.007086 0.021666 
LP 
38 15 14.67 44.85 0.106304 0.325000 
LP 
39 4 3.912 11.96 0.028347 0.086666 
LP 
40 1 0.978 2.99 0.007086 0.021666 
LP 
41 1 0.978 2.99 0.007086 0.021666 
LP 
42 10 9.78 29.9 0.070869 0.216666 
LP 
43 1 0.978 2.99 0.007087 0.021667 
Total 0.979804 3.00804 
 
B. Section 2 
The effect of system device failure in section 2 is shown 
in failure mode list in Table VII. 
TABLE VII.  FAILURE MODE LIST OF SECTION 2 
Disturbance 
Numbers  
  
Device  
  
LP affected by   
Repair  
Time 
LP affected by   
Switching  
Time 
1 Recloser CB 12-CB 25 + LP 24-LP43 
CB 1-CB 11 + 
LP 1-LP23 
2 CB 12 CB 12  - 
3 T24 LP 24  - 
4 L55 CB 12-CB 25 + LP 24-LP43 
CB 1-CB 11 + 
LP 1-LP23 
 
Table VII. are some of the only equipment samples that 
can be displayed because the tables are too long, in fact 
that there are 14 CB, 20 Transformers and 40 lines. Next, 
calculate the value of failure rate and the duration of 
failure of each load point. The value of failure rate and 
duration of failure can be viewed in Table VIII. 
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TABLE VIII.  LOAD POINT FAILURE DURATION AND RATE OF 
SECTION 2 
Load Point 
Load Point Failure Duration And Rate 
λ (fault/year) U (hours/year) 
CB 1 0.777 0.19425 
~   
CB 11 0.777 0.19425 
CB 12 0.781 2.392 
~   
CB 25 0.781 2.392 
LP 1 0.777 0.19425 
LP 22 0.777 0.19425 
~ 
LP 23 0.777 0.19425 
LP 24 0.782 2.402 
~ 
LP 43 0.782 2.402 
 
By knowing load point reliability index, section 2 reliability 
index can be obtained and is shown in Table IX. 
TABLE IX.  SAIFI AND SAIDI PER LOAD POINT IN SECTION 2 
Load 
Point 
Numbers 
of Cons. 
Numbers 
of Cons. 
x λLP  
Numbers 
of Cons.x 
ULP  
SAIFI SAIDI 
CB 1 1 0.777 0.19425 0.005630 0.001407 
CB 2 1 0.777 0.19425 0.005630 0.001407 
CB 3 1 0.777 0.19425 0.005630 0.001407 
~ 
          
   
CB 
25 1 0.781 2.392 0.00565 0.017333 
LP 1 1 0.777 0.19425 0.005630 0.001407 
LP 2 3 2.331 0.58275 0.016891 0.004222 
LP 3 1 0.777 0.19425 0.005630 0.001407 
~ 
          
   
LP 
43 1 0.782 2.402 0.005666 0.017405 
Total 0.78001 1.5398 
 
Based on Table IX, SAIFI and SAIDI in section 2  can 
be obtained with a value of 0.78001 fault/year for SAIFI 
and 1,5398 hours/year for SAIDI. After knowing the 
reliability index value of each section, value of index 
reliability of feeder network system can be obtained by 
summing index reliability of each section. The calculation 
can be seen in Table X. 
 
TABLE X.  INDEX OF TOTAL RELIABILITY 
Section  
Index of Total Reliability 
SAIFI  SAIDI  
I  0.979804 3.0080 
II  0.78001 1.5398 
Total 1.759814 4.5478 
 
The value of SAIFI and SAIDI was obtained by 
summing the magnitude of the reliability index of each 
section. For analyzed feeder, it was obtained SAIFI value 
of 1.759814 faults/year and SAIDI value of 4.5478 
hours/year. The value of CAIDI was obtained by dividing 
the SAIDI value by SAIFI, so the result of the calculation 
is shown in Table XI. 
TABLE XI.  CAIDI VALUE 
Section Index of Reliability (CAIDI) 
I  3.07004504 
II  2.01160328 
Total 2.58427267 
 
Furthermore, to determine whether the analyzed that is 
Randu Garut 3 included in the category of reliable feeder 
or not, the researcher did two comparison of reliability 
values that have been obtained with certain standard 
reliability values, among others: 
a) Standards established by PT. PLN (Persero) in 
accordance with SPLN No. 68-2 Year 1986 on "Level of 
Security Guarantee of Power System Part Two" which 
states that the radial configuration network system with 
PBO (Recloser). 
b)  Target of Rayon Semarang Barat 2018. 
 
 
Fig. 5. Comparison of Section Technique, SPLN and Target of Rayon 
Shown in Fig. 5. Comparison of section technique 
method with SPLN No. 68-2 in 1986 and 2018 Target of 
West Semarang Region, SAIFI and SAIDI reliability index 
obtained by section technique method was smaller, it means 
that the reliability value of Randu Garut was higher. While 
the value of CAIDI obtained was lower than SPLN No. 68-
2 in 1986 and higher than the 2018 target. 
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V. CONCLUSION 
Section technique method is used to analyze 
distribution system reliability in Randu Garut 3 feeder, 
total reliability values obtained were SAIFI INDEX of 
1.75981884 faults/year, SAIDI index of 4.57712319 
hours/year and CAIDI index 2.58427267 hours/fault. 
Obtained overall reliability index using   section technique 
method was better from PLN standard and target of West 
Semarang Region in 2018, except for CAIDI value which 
surpass target of West Semarang Region in 2018. Thus, 
section technique method is able to become solution in 
determining reliability index of particular distribution 
system. In addition, it can be concluded that the longer the 
lines of the distribution network and the more components 
of the equipment on the system, the greater the likelihood 
of failure occurring resulting in blackout at the load point 
which may decrease the reliability of the feeder. 
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